Background: After several decades of increasing prevalence, recent evidence suggests a levelling of obesity rates in some groups, although little is known about trends in children under 5 years of age. Aim: To investigate the prevalence, trends and sociodemographic correlates of overweight and obesity in Australian preschool children between 1999 and 2007. Methods: Child anthropometric and demographic data were extracted from records of routine maternal and child health consultations for children aged 2 and 3.5 years in the Australian state of Victoria. Data were analysed for prevalence of overweight and obesity (according to International Obesity Task Force definitions), trends in prevalence from 1999 to 2007 and sociodemographic correlates of prevalence and trends. Results: Complete data were available for 129 266 2-year-old children and 96 164 3.5-year-old children from 41 local government areas across Victoria. Combined prevalence of overweight and obesity decreased significantly between 1999 and 2007 in 3.5-year-old children (by 3.1% points from 18.5 to 15.4%) and in 2-year-old children (1.1% point decrease from 13.5 to 12.4%). There was no accompanying increase in rates of underweight. Decreases were more pronounced in areas of lower socioeconomic status (SES). Prevalence of both overweight and obesity was consistently higher across time in the older group of children, in the lowest quartile of SES and among girls. Conclusions: Prevalence of overweight and obesity in preschool children in Victoria has decreased significantly between 1999 and 2007, whereas socioeconomic disparities have narrowed. Further research is needed to understand the reasons for the decreasing prevalence, and to better evaluate existing and emerging health promotion initiatives. Such evidence will be important to build on the findings of this study and to transfer lessons learnt to other population groups.
Introduction
In adults, adolescents and school-aged children, high and increasing rates of overweight and obesity over the last 20-30 years have been reported in a wide range of countries, now including middle-and low-income countries alongside the high income countries which were first to be affected. [1] [2] [3] [4] [5] Currently, however, evidence suggests that prevalence of overweight and obesity among preschool children is somewhat lower, and may not be increasing at the same rate, 1 although the number of studies examining this issue is somewhat limited. Prevalence and trends of overweight and obesity during the early childhood years are considered to be important, as there is evidence that weight status may track from this period into later childhood and adolescence, increasing the risks of associated morbidity. 6, 7 The growth of young children is routinely measured and monitored during 'well-child' check-ups throughout early childhood in many countries. 8 Historically, growth monitoring of children was primarily aimed at identifying children with delayed or impaired growth; however, the systems in place also have the potential to identify children with excess weight gain at both a clinical and population level. With increasing use of electronic records, there are valuable opportunities to access and analyse these data to support public health, health promotion and health service delivery, as has been demonstrated in a number of countries. [9] [10] [11] [12] [13] [14] [15] [16] The aim of this study was to investigate the prevalence, trends and sociodemographic correlates of overweight and obesity in Victorian preschool children between 1999 and 2007.
Materials and methods

Data collection
In collaboration with the state government of Victoria, coordinators of Maternal and Child Health (MCH) Services (MaCHS) in 60 local government areas (LGAs) were requested to run a database query, which extracted the required data (see Box 1), without identifying details. For technical reasons, only LGAs using the MaCHS data system were asked to respond. MaCHS is the most commonly used system state wide (n ¼ 60 from a total of 79 LGAs).
Data were extracted for all children who had attended an MCH centre in one of the participating LGAs for either a 2-year-old or a 3.5-year-old 'key ages and stages' consultation during the period from the start of electronic records in that municipality until the 31 December 2007. The MaCHS database stores all data collected by MCH nurses for children attending consultations, including developmental and health indicators, demographic data and anthropometric measurements (including length/height and weight) at each of up to 10 consultations between birth and 3.5 years. Average attendance rates across the population at the consultations tend to decrease with child age from an average of over 90% for the 2 week consultation to around 60% for the 2 year consultation and just over 50% for the 3.5 year consultation. 17 In recent years, attendance at the 2-yearold consultation has ranged between 56.1 and 64.8% and between 47.4 and 57.8% for the 3.5 year consultation. 17 Height and weight were measured by the MCH nurse during routine consultations, and recorded in the computer file of the child. From the age of 2 years, height is measured using a fixed stadiometer and weight is measured on digital scales. Although no validation data are available for these measures, all measurements are taken by trained and experienced nurses who specialise in the child health.
Measurement equipment is calibrated annually and procedures are consistent across the state.
The study was approved by Deakin University Human Research Ethics Committee, the Victorian Government Early Childhood Research Committee and the Victorian Government Department of Human Services Human Research Ethics Committee.
Description of measures and data transformation and cleaning Exact age at measurement was calculated from date of birth and date of consultation for both the 2-year-old and 3.5-year-old measurements. Data relating to the '2-year old' consultation were excluded if the calculated age was o1.962 years (within 2 weeks of second birthday) or 42.5 years. Data for the '3.5-year-old' consultation was restricted to those with calculated age between 3 and 4 years inclusive. The age restrictions were to ensure a homogenous dataset for analysis that clearly represented two specific and discrete age groups. In addition, the international criteria for defining overweight, obesity and thinness are only available for children aged X2 years. 18, 19 Height and weight were used to calculate body mass index (BMI, kg m À2 ), which was then used to determine weight status (thin, healthy weight, overweight or obese) according to the International Obesity Task Force criteria recommended by Cole et al., 18, 19 using the lmsgrowth programme version 2. 4 (ref. 20) . Underweight was defined as a BMI below the age-and gender-specific cut off for grade 2 thinness. 19 Extreme (biologically implausible) values for height, weight and BMI for the 2 year and 3.5 year measurements were identified using the z-score criteria of the World Health Organisation growth reference software. 21 The World Health Organisation software flags as implausible z-score values for weight-for-length or BMI that are oÀ5 or 45, length-for-age oÀ6 or 46 and weight-for-age oÀ6 or 45 (this affected data for 3.9% of 2 year olds and 5.6% of 3.5 year olds). All data for a 'consultation' (that is, age, height, weight, BMI and derived classifications at either 2 years or 3.5 years) were excluded if any of age, gender, height or weight were missing or if the above criteria for age and/or plausible z-scores were not met; however, data for the other consultation of the child (if applicable) were retained if they met the data quality requirements.
Postcode was included in the dataset to allow analysis of area-level socioeconomic status (SES). Only one postcode per child was extracted, relating to the most recent address supplied by parents. SES at the level of the child's postcode was determined using the ' Categories of feeding method at 6 months of age were collapsed for analysis into fully breastfed (including fed by breast milk, expressed breast milk or a combination), not breastfed (weaned or fully artificially fed) or partially breastfed (breast milk or expressed breast milk plus at least one other form of feeding). The classification of 'fully breastfed' incorporates the World Health Organisation's classifications of 'exclusively' breastfed and 'predominantly' breastfed. 24 A dichotomous variable that represented whether the child was identified as being Australian Aboriginal and/or Torres Strait Islander (collectively, 'indigenous') was included in the dataset.
In total, data for 191 179 children were received from the databases of 41 of the 60 invited local government areas (68% of invited, 52% of entire state). A total of 150 555 cases had data for the 2 year consultation, 122 202 had data for the 3.5 year consultation and 43% (81 578) had data for both consultations. The number of years for which data were available in each LGA varied considerably. After data cleaning, complete and plausible height, weight, age and gender data were available for 129 266 2-year-old children (87.4%) and 96 164 3.5-year-old children (79.5%) measured between 1999 and 2007.
Data analysis
All statistical analysis was carried out using Stata SE version 10.0 (Statacorp, College Station, TX, USA). The dataset provided cross-sectional data on measurements of children who were close to 2 years old and/or 3.5 years old from the beginning of 1999 to the end of 2007. This allowed analysis of secular trends among children of these ages over nine years. The w 2 -tests were used to test for differences in categorical characteristics of the sample by measurement year (for example, SES quartile, gender), differences between the proportion of 2-year-old and 3.5-year-old children classified as overweight/obese in each year and differences in the proportion of children classified as underweight by measurement year. To examine cross-sectional relationships, logistic regression was used to determine unadjusted and adjusted odds of overweight (including obesity) and of obesity alone according to gender, SES quartile and feeding method at 6 months of age. For all of the logistic regression analyses reported, 'overweight' includes obese. The adjusted model included gender, age, SES quartile, feeding method at 6 months and whether the child was indigenous (except for subgroup analyses, in which the variable that defined the subgroup was not included in the adjustments).
To investigate the change in odds of overweight and obesity over the 9 years of data, logistic regression was performed to derive the annual odds ratios for overweight (including obesity) and for obesity by year throughout the period of data collection. A significant P-value indicates that the odds ratio is significantly different from 1 (no annual change). Adjusted analyses (using the model described above) were performed overall for each age group and subgroup analysis was performed by gender and SES quartile. Trends in underweight were also examined in this manner.
Results
General characteristics of the children in the sample are shown in Table 1 . There were slightly more boys than girls in the sample (51.5% of 2-year-old and 50.9% of 3.5-year-old children). There is a socioeconomic bias in attendance at the routine MCH consultations, such that children from higher-SES areas are over represented in the sample ( Table 1 ). The gender distribution and distribution of the sample across quartiles of disadvantage was, however, stable across the 9 years of data under analysis (data not shown).
Across the entire sample (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) , the combined prevalence of overweight and obesity (based on the International Obesity Task Force criteria 18 ) was 12.9% for the 2 year olds and 16.1% for the 3.5 year olds. Odds of overweight (including obesity) and for obesity alone by Note that the total n for SES quartiles is lower than the overall total because of the missing postcode data. Total with SES and all other data complete ¼ 122 410 for 2-year-old children and 90 254 for 3.5-year-old children.
Decreasing obesity in preschool children MS Nichols et al gender, SES quartile and breastfeeding history within each age group are shown in Table 2 . The odds of being overweight were significantly higher among girls in both age groups (adjusted OR for overweight including obesity for girls compared with boys Po0.001).
There was a significant association between reported breastfeeding history and overweight and obesity prevalence at both 2 years and 3.5 years, which persisted after adjustment for SES and gender (higher prevalence among children not breastfed or only partially breast fed at 6 months). Adjusted odds ratios for overweight for children not breastfed at 6 months of age compared with those fully breastfed were 41.3 and for obesity were 41.6 for both age groups.
There was a clear social gradient in overweight and obesity prevalence among the sample, which was stronger in the older age group. Overweight (including obesity) prevalence among 2-year-old children in Q1 (the lowest SES quartile) was 2.3% points higher than in Q4 (the highest SES quartile) 14.2 versus 11.9%), whereas the equivalent difference in 3.5-year-old children was 4.3% points (18.6 versus 14.4%). The adjusted odds for overweight among children from the most disadvantaged quartile of SES were 1.15 times higher in 2-year-old children and 1.29 times higher among 3.5-yearold children when compared with the least disadvantaged quartile. For obesity, the differences in adjusted odds between the lowest and highest quartiles were even more pronounced, being over 1.6 times higher in both age groups.
Trends over time Prevalence of overweight, obesity and combined overweight and obesity by year of measurement are shown in Figure 1 Decreasing obesity in preschool children MS Nichols et al for 2-year-old children and Figure 2 for 3.5-year-old children. The prevalence figures for overweight (including obesity) and for obesity are shown with confidence intervals in Table 3 . In each year of the study, the prevalence of overweight (including obesity) and of obesity was significantly higher among 3.5-year-old children than among 2-year-old children. Among the 2-year-old children, combined overweight and obesity rates showed a decrease over the 9 years from 13.5 to 12.4%. Most of the reduction was in obesity, which fell from 2.5% in 1999 to 1.7% in 2007. In the 3.5-year-old children, rates of both overweight and obesity decreased substantially, resulting in an overall decline in combined overweight and obesity from 18.5% in 1999 to 15.4% in 2007. Most of the decline appears to have occurred between 1999 and 2004. There was a significant annual decrease in odds of overweight and of obesity in this sample of 2-year-old and 3.5-year-old Victorian children between 1999 and 2007. Odds ratios for overweight (including obesity) and for obesity per 1-year increment are shown in Table 4 overall in each age group and stratified by gender and SES quartile.
There were more significant decreases in odds of overweight and of obesity with time among children in the two lower-SES quartiles than children from the higher-SES quartiles. In the most disadvantaged quartile of 2-year-old children (Q1), the prevalence of overweight and obesity was 14.2% in 1999 and 13.6% in 2007. In the least disadvantaged quartile (Q4), the prevalence was 11.5% in 1999 and 12.0% in 2007. The percentage point difference in prevalence between the most and least disadvantaged children was therefore reduced from 2.7 to 1.5% over the 9-year study. Among the older group of children, a similar pattern was seen. The prevalence in 1999 among the 3.5-year-old children was 22.8% in Q1 and 15.8% in Q4 (7.0% point difference). In 2007, however, the rates were 18.1% in Q1 and 14.3% in Q4 (3.8% point difference).
There was no significant change in the prevalence of underweight (thinness) over the period of study (P40.05, data not presented). Prevalence of underweight was steady at B1.9% for 2-year-old children (and was no greater than 2.0% or less than 1.9% in any year, w 2 -test for different in proportions by year of measurement P ¼ 0.9) and 1.7% for 3.5-year-old children (range 1.6 to 2.0%, P ¼ 0.2).
Discussion
The results of this study have demonstrated a substantial gradual decline in the proportion of 3.5-year-old children classified as overweight or obese in recent years, and a All values are percent (95% confidence interval).
Decreasing obesity in preschool children MS Nichols et al smaller but also significant trend in prevalence among 2-year-old children. As there was no concurrent increase in prevalence of underweight, the decrease in prevalence of overweight and obesity resulted in an increased proportion of the population classified as healthy weight in 2007 compared with 1999. There has also been a narrowing of the socioeconomic gradient in obesity prevalence among children in this age group, with greater annual decreases in odds of overweight and obesity seen among children from areas of below-median SES. The prevalence of overweight and obesity in preschool children in Victoria also appears to be lower than levels documented for older children. 25, 26 Despite these encouraging findings, the prevalence of overweight and obesity among 3.5-year-old children remained around 3% points higher than the prevalence among 2-year-old children, suggesting that there may be factors which promote excess weight gain during the preschool years and therefore, highlight the importance of early intervention.
This study confirms a social gradient in overweight and obesity among preschool aged children in Victoria. This is consistent with findings in Australian 4-to 5-year-old children 27 and older children. 25 Despite the narrowing of the differences in overweight and obesity by SES quartile seen over the study period, a substantial gradient still persists. The gradient was steeper among 3.5-year-old children in this study than among 2-year-old children, suggesting that the effects of relative socioeconomic position on health outcomes may increase through the preschool years. This may provide an indication of a key period of development when environmental and socioeconomic influences begin to take precedence over genetic factors in development. Until very recently, almost all published studies examining trends in overweight and obesity over time in preschool children have demonstrated increasing prevalence, 1, 10, 11, 14, 15, [28] [29] [30] [31] [32] with the only exceptions usually occurring in low income countries. 1 A study of 4-year-old children in a single region in Sweden, comparing routinely collected anthropometric data from 2002/03 to 2007/08, however, found an apparent secular trend to decreasing prevalence of overweight and obesity. 33 A recent review including studies from 25 countries found evidence that obesity prevalence may be 'levelling off' in some groups, although there was substantial heterogeneity in trends, very few apparent decreases, and in contrast to this study, concluded that this trend was less evident in low SES populations. 34 Tracking of overweight and obesity from early childhood through later childhood years and into adulthood has been established in previous studies. 6 Overweight and obesity in young children therefore have the potential to significantly impact on health status throughout the lifespan, despite the lack of obvious immediate health consequences of excess weight during early childhood. It remains to be seen whether the recent decreases in overweight and obesity prevalence shown in Victorian children in this study will translate to lower rates of obesity in later childhood, adolescence and adulthood for this cohort. 
Decreasing obesity in preschool children MS Nichols et al
The observation of a decreasing prevalence of overweight and obesity in preschool aged children in Victoria raises the question of what factors may have brought about the changes in prevalence. Much has been published on the pattern by which increasing obesity prevalence spreads through populations; however, although there are signs that some sub-populations may be beginning to reverse the trend, [34] [35] [36] little is yet known about the sociodemographic pattern by which obesity may begin to decline. It is therefore plausible that young children may be among the first to emerge from the epidemic. As this study was conducted retrospectively, it is not possible to determine causal factors; however, there have been a range of important initiatives aiming to promote good nutrition, activity and healthy weight during early childhood and in early childhood settings in Victoria in the last decade, including several with an explicit focus on disadvantaged areas or populations. [37] [38] [39] [40] [41] [42] Four major statewide initiatives aiming to impact on nutrition, physical activity and/or obesity prevention in communities and settings relevant to early childhood in Victoria have been in operation during the last decade. 37, 38, 41 The programmes include one with a focus on food service in child care centres, 38 one multicomponent programme, 37 which included nutrition, physical activity and breastfeeding promotion strategies, to complement ongoing efforts to promote breastfeeding initiation and duration across the state 43 and one programme focused on oral health promotion which included comprehensive strategies to promote healthier snacks and water consumption. 41 Collectively, it is plausible that these efforts have contributed to the observed decreasing trends in obesity prevalence, although stronger evaluation is needed to determine whether this is the case. Given the results of this study, however, it would appear prudent that the programmes are continued in the interim. Early childhood appears likely to be a receptive stage of parenting, it may therefore be the case that parents' increasing awareness of overweight among children, because of the media attention, social marketing, public health programmes or health promotion efforts, has begun to have an effect on the behaviours that they encourage or allow in their young children. Early childhood settings may equally be responsive to health promotion messages and activities. There may also be a wide range of other, as-yet unexplored explanations for the decreases in prevalence. Further research is needed to evaluate existing and new programmes and initiatives and to investigate other potential environmental or physiological determinants of the observed secular trend, to ensure that any positive actions are identified and supported, and that further progress may be made in this and other population groups to promote healthy weight and reduce unhealthy weight gain.
Limitations of the data set used to analyse trends in prevalence of overweight and obesity include that the children and LGAs involved were not randomly selected, and it is not possible to accurately determine how representative the sample is of all children in Victoria. Furthermore, there are limitations to the use of BMI-based definitions of overweight and obesity (and limitations inherent in the specific cutoffs used), and it is possible these limitations are more pronounced when definitions are applied to children of these age groups. 44 Strengths of the study, however, include the very large number of measured heights and weights available that had been collected by trained nurses and coverage of a wide range of geographical areas. It is possible that there may have been unmeasured changes in the sample composition over the course of the 9 years of study, such as in the determinants of attendance at consultations, were not captured by demographic variables and SES measures available in this study. There were, however, no significant changes in the SES quartile distribution, mean age or gender distribution of the sample throughout the 9 years of data, reducing the likelihood that the trends in prevalence observed were an artefact of a changing sample composition.
Conclusions
There was a significant trend to decreasing overweight and obesity in preschool children in Victoria between 1999 and 2007 while prevalence of underweight remained steady. Decreases were most pronounced in lower-SES groups, resulting in decreased socioeconomic disparities. Current environments, including state-wide health promotion programmes, along with increasing awareness of childhood overweight, are possible contributors to the decline, although more research is needed to understand the reasons for the decreasing prevalence, and to better evaluate existing and emerging health promotion initiatives. Such evidence will be important to build on the findings of this study and to transfer lessons learnt to other population groups. This study is among the first internationally to show promising signs that prevalence of overweight and obesity may be declining in some groups and that it may be possible under certain conditions to not only slow but reverse the widespread increases in prevalence seen in recent decades. LP0560400). AMdS-S is supported by a National Health and Medical Research Council Capacity Building grant, and the Jack Brockhoff Child Health and Wellbeing program.
